Freeman's research on olfaction, which has since been replicated in other sensory modalities, for a neurodynamic basis for our model of perception and describe how transference may be thought of as an evolved form of it. Our view is that transference is a hierarchically integrated perceptual modality of a higher order, though it depends upon the same neurodynamic processes as those found in each sensory modality.
A. INTRODUCTION
Transference, in my view, is a very special mental quality that has never been satisfactorily explained. (Bird, p. 267) Transference remains a cornerstone of all psychoanalytic theory and practice.
Psychoanalysts know it well, and while they may define it differently, all view it as a key to understanding their patients' problems and as a crucial tool in helping them to become better. 1 Neuroscientists may be less familiar with the term, though one can generally think of it as a critical factor in how the past carries forward into the present in human relationships and situational expectancies, whether that carrying forward is adaptive or not. As such, transference has obvious connections to learning, memory, emotion, attachment, and perception.
We will assert two fundamental points: 1) the value of understanding transference from the standpoint of a perceptual cycle of acting-into one's world as one predicts, discovers, creates and transforms it and oneself, and 2) the utility of having a neurobiological platform from which to view (albeit at a much more complex level) transferential processes. We will argue that transference can best be understood as a special kind of action-perception cycle that is distinctively human, though we shall trace this form of human perception to its evolutionary beginnings in other species. We limit ourselves to these perspectives on transference, and by way 1 We regard transference and countertransference as features of an embedded involvement between patient and therapist. The reader may asssume that each reference to transference can be applied to countertransference as well.
of disclaimer, do not begin to address the complexity and richness of the concept and the phenomenon in the clinical situation.
Our road map is as follows: a) frame the psychoanalytic definitional debates regarding transference along three core axes; b) briefly address more recent efforts to bridge analytic conceptualizations with other disciplines; c) consider the context in which Freud's early notions about transference were informed not only by his clinical work but also by the existing physiological and philosophical models of perception and epistemology; d) define expectancy in terms of intentionality and relate it to transference; and e) present our conceptual and neurobiological arguments for why transference can be viewed efficaciously from the standpoint of the action-perception cycle.
B. Psychoanalytic Definitional Debates about Transference
The definition of transference has been a topic of significant study and disagreement over the past 100 years. Despite the centrality of transference to the psychoanalytic enterprise, however, Freud wrote quite sparsely about it. For the purpose of clarification, we group the analytic literature over the last many years along three definitional axes: 1) transference as pathological versus transference as intrinsic to human mental functioning, 2) transference as a purely clinical phenomenon versus transference as a ubiquitous component of all human relationships, and 3) transference as becoming conscious through insight versus transference as being inherently unconscious in the moment of experience. One can easily imagine other axes, and there are surely many axes to grind, but we utilize these three as they provide the most meaningful signposts for our arguments. We have our own distinct perspective as to just where we take up residence on these axes, and we ask that the reader to be patient with us as we explicate our view.
C. Bridging Analytic Conceptualizations with Those of Other Disciplines
Transference has been linked to complexity theory (Palombo, 1999) , right brain laterality (Watt, 2003) , connectionism (Westen & Gabbard, 2002) , dynamic systems theory (Miller, 2004; Thelen & Smith, 1994) , learning theory (Cooper, 1992; Dollard & Miller, 1950; Schwartz, 1987 Schwartz, , 1990 Wachtel, 1977 Wachtel, , 1981 Kolb (1987) and van der Kolk (2004) focus upon the implications of trauma on later transferences. This theme has also been elaborated upon by Schore (1994 Schore ( , 1999 , though the "trauma" in his model is a developmental one, whereby dis-ordered attachment patterns lead to sequelae of structural changes in the brain. Post (1967 Post ( , 1992 Post ( , 2002 connected the notion of kindling in neurobiology to psychiatry, and transference could be viewed within this model. Sensitization (Antelman et al., 1980; Kalivas et al., 1992) may also be thought of in terms of critical periods, a tendency to use early "other" prototypes to define future anticipations of self and other. Andersen (1998 Andersen ( , 2002 , describing transference in terms of social cognition, has demonstrated that the properties of a significant other in one's life are unconsciously attributed to new people in everyday experience, and that the self-with-significant other complex helps to unconsciously shape a new person into assuming properties of that historical other and that previous relationship.
The nature and quality of early attachments can be robustly predictive of future attachment patterns in later life (Main et al., 1985) , whether they have more pathology or are viewed as more flexible and healthy. Early bonds and constructions of self, other, and self-with-other are presumed to be internalized and then dominate future expectations and adaptations.
Past learning surely is involved and has a role in orientation towards the future. Memory is a helpful descriptor, but the active process of bringing the past into the texture of the present is closer to the mark. Emotional attachments are also a component, but in construing transference as a specific form of perception, we are referring to an active, unconscous 'reaching-into' the moment and shaping how we "find" the other (and ourselves). Finally, preattentive bias, while describing an unconscious referencing and lingering with emotionally salient stimuli, conceptually seems more of a cognitive filtering mechanism and does not include the active shaping of an organized percept (a self-and-other percept, in the case of transference), with the orientation and aims that accompany it. Luborsky's related (though more complex) notion that defenses shape percepts is closer to our emphasis, and Andersen's work is helpful, as it experimentally confirms the unconscious attribution process and the actual shaping of a new other to fit the mold of historically significant relationships.
D. The Conceptual Dawning of Transference
Freud's early writing from the late 1880s through the early 1900s can be viewed as a conceptual laboratory from which his notions of transference emerged. 2 While we must acknowledge the effects of Kant upon both Freud and his forebears in physiology, the era was notable for the coexistence of realism and passive associational models of mind and brain alongside with the Kantian notion that reality is "constructed." This ambivalence runs through Freud's conceptualizations we feel, and those of many other authors, continuing up into the present day.
Freud's early clinical work with hypnosis and his allegiance to the seduction theory provided a model of a mind susceptible to the designs and influences of the external world (realism). While he learned the philosophy of Kant (a priori categories and a not knowing the "noumena" of the external world) he nevertheless, in the seduction theory, adopted a model of the "outside" pressing upon and becoming transcripted or internalized as a percept of the experience. The memory of the experience in the form of retranscription (nachtraglichkeit) provides for the meaning and ongoing traumatic effects for the individual. Freud's model at this point in his thinking had a primarily passive first stage and an active second stage, a passive taking in, and, secondarily, an 2 Makari, (1992, 1994, 1997) has written of series of exceptional papers reconstructing this historical context. We are indebted to his scholarship in articulating the philosophical and scientific environment for Freud's evolving thought. Our own position is that the 'birthing' of transference paradoxically trampled upon and obscured its rich interdisciplinary "parents," though space does not allow us to explicate our argument here. The world never 'gets in'. Given that this is the case, our ability to navigate in the external world is a tribute to the brains' exquisite evolutionary attunement to the contours and workings of that external world. Otherwise, out internal models would be all too out of step and psychotic like.
Freud believed that perception required an unlimited receptive capacity and that memory is a fixed store. In this view, perception is viewed as unlimited and memory as fixed-therefore perception and memory are mutually exclusive.
Freud returns to this idea in his paper "A Note Upon the Mystic Writing Pad" (1925) , where he speculated that the perceptual surface of consciousness needs to be constantly refreshed by deletion-and that "unlimited receptive capacity and memory are mutually exclusive." (page ref) . In this conclusion we now know that
Freud was mistaken, as we know that perception and memory are dynamically related. What Freud attributed to perception could be clarified into a distinction between perception and sensation, and that it is sensation, at the level of receptor arrays, that needs to be "wiped clean" after receiving data from the environment.
This slight revision to 'The Project' allows us to argue that perception and memory are dynamically intertwined, and with this revision, we are able to make Freud's contribution neurobiologically more plausible. Both perception and memory, forever affected by previous experience and forever refreshed, can be viewed as integral, and sensation itself, by being 'refreshed', retains a separate, ever-renewed status, but anchored in the present surrounding environment, not in the inner images of the past. Making this distinction, and fast forwarding one hundred or so years, Walter Freeman has observed that during olfactory sensation, receptor cells in the nose of rabbits and other mammals continue to respond to whatever chemicals that are present in the inhaled air, but the neurons in the brain to which they transmit are "wiped clean" after each inhalation.
Perception occurs via a synthesized construction that is constituted by previous experience (this is the memorial component), and this history 'leans upon' the current stimulus. Perception occurs 'behind' the receptor cells and beyond the level of the olfactory bulb, and it is here that the brain begins to construct its meaning. Perception is always context dependent, forever shaped by memories both of phylogenetic derivation and individual experience.
It is relevant for a neurobiology of transference that Freud's depiction in
The Project that memory and sensation (whether it be from within or without), in combination, could be described as motives. Freud later attributed these motivational properties to instincts, but in The Project , motives are an amalgam of sensation (the new) and memory (the old). In our model, we distinguish perception from sensation, and suggest that the meeting point of memory (relatively long-term) and sensation (short-term, always awash in new stimuli) occurs at the intersection or creation known as perception, where the memory of a past emotionally charged experience is elicited by the current stimulus, so that a meaningful percept is created (it should be noted that the conflation of sensation and perception continues in psychology and neuroscience to the present day). All this occurs in a neurodynamic interplay, and is in stark contrast with computational theories of information processing.
In Freud's early clinical world, most models of hypnotism and hysteria relied upon this passive, associational viewpoint, whether it was Bernheim's Nancy school or Charcot's Salpetriere orientation. Freud came to Paris in 1885 in the middle of the "hypnosis wars" between these two schools and eventually aligned himself more with Charcot's notion that the causal factor in the hypnotizability of hysterics was their own, internal vulnerability to autosuggestions.
The seduction theory rose and fell within the next few years and along with it an externally generated etiology for the psychoneuroses. The assumption of a world imprinted and absorbed into the largely passive mind gives way, during these years ( Lashley, 1942, p. 306 and naïve realism operates to the point of viewing the brain as an information processing machine "taking in" the external world and almost instantly revising the information according to personal history and meaning. Contrarily, we shall argue that the surrounding world is merely sensed and does not get past the first synaptic layer of the sensing organ, and that the construction of a percept is an unconscious, memory-laden, and meaning-filled process. In this paper we focus upon the sensory modality of olfaction, as it is simplest to articulate and was the first modality studied by Freeman. Transference is a multimodal sensory process involving the construction and integration of percepts and the transformative action of metaphor and language.
We have experimentally observed that during sensation, receptor cells in the nose continue to respond to whatever chemicals are present in the inhaled air, but the neurons in the brain to which they transmit are independent of input after each inhalation at the level of the olfactory bulb, thus resulting in an unlimited adaptive capacity. Between these receptors in the nose and the output layer of the bulb lies the boundary where sensation ends and perception begins. It is in the population dynamics of the bulb that we found the organized patterns of activity.
Meaning is created by these population dynamics within the brain and by the dynamic interactions one has with other intentional beings.
Olfaction is the most primitive sensory-perceptual modality, and there is evidence that the mechanisms and dynamics of the intentional process that underlie transference first emerged in the olfactory system. The other sensory modalities co-opted this same "operating system," in which some of the details have changed, but the basic core of the dynamics remains the same (Barrie, Freeman, & Lenhart, 1996) . 5 The study of olfaction allows us to generalize about more broadly integrative processes, of which, of course, transference is but one.
Further, olfaction is unique among all sensory domains in that its receptor neurons have direct access to the cerebral cortex. Freeman (2000, p. 20) notes that "This explains why odours of smoke, putrid flesh, coffee, tobacco, perfume, body odours and so on are so much more emotionally compelling than the visual and auditory sensations that accompany them."
6

BASIC FLOW OF OLFACTORY INFORMATION IN THE BRAIN
Freeman surgically implanted a 4mm X 4mm 64 lead epidural electrode array to study the dynamics of the olfactory bulb in rabbits and cats. The 64 separate, very closely situated EEG recordings provided the opportunity to observe neuronal population behavior. We found that no patterns could be detected at the 6 Olfaction is also an easy modality to illustrate the disjunction between the content of a sensory stimulus and its 'meaning' for the person. An commonplace example is known by women during pregnancy. They frequently report, especially during the profound hormone shifts of the first trimester, certain smells suddenly carry profoundly alien meanings, despite remaining recognizable odors. Aromas of coffee, bacon, and even chicken soup that were previously pleasing can abruptly be interpreted as noxious, toxic, and nauseating. Still, those smells are clearly registered as coffee, bacon, and chicken soup-an interesting combination of the sensorily The structured neuronal population activity occurs only if the odorant has an historical meaning, and each animal's 'take' of the same external stimulus is unique. Thus, our data support a constructivist model of perception, as history helps to create a uniquely experienced present.
F. The Construction of a Percept: A Forever Evolving Story
On those who step in the same river, different and different waters flow. (Heraclitus, Fragment 12, in Marcovich, 1967) .
A good example of the constructive, always changing nature of perception can be found in the serial exposure to different odorants, all of which had been learned and therefore had a meaning to the animal. We presented the first odorant (sawdust) to rabbits and observed a distinctive pattern, as shown in the contour plot below, which can be viewed as a topographical map of the AM patterns noted earlier.
The contour plot at the left emerged consistently from bulbar EEG's of a rabbit that had been conditioned to associate the scent of sawdust with a particular reinforcement. After the animal learned to recognize the smell of banana (middle), re-exposure to sawdust led to the emergence of a new sawdust plot.
The amplitude modulation pattern of sawdust II was different from sawdust I, as it was changed by the intervening experience. We conclude that every new meaningful experience alters all others, and there are no fixed stores or representations. Bartlett (1932) was prescient in stating : "...some widely held views [of memory] have to be completely discarded, and none more completely than that which treats recall as the re-excitement in some way of fixed and changeless 'traces' " (p. vi). Even at the level of unimodal perception we observe change in perception as a function of experience. Often, it is assumed that it is only at the global, multimodal organization of a self that this level of modification occurs, but as we see, it occurs at the most basic of levels. Freeman (2000) concludes that context dependence is an essential property of the cerebral memory system, in which each new experience must change all of the existing store by some small amount, in order that a new entry be incorporated and fully deployed in the existing body of experience. This property contrasts with memory stores in computers, libraries, and telephone books, in which each item is positioned by an address or a branch of a search tree. There, each item has a compartment, and new items don't change the old ones.
Our data indicate that in brains the store has no boundaries or compartments, and that it comes into play wholly with each cortical state transition…….(p. 99).
This continual feedback process is an endless process of re-positioning, and these dynamics are the basis for perception, whether they are at the unimodal level or whether they are at a very broad integrated and evolving percept of ourselves and others. Transference is a specific form of these intentional dynamics, whereby previous emotional attachments both inform and shape current experience and also influence others to participate in our perceptual construction. The complex perceptual construction we refer to as transference helps to orient us as we participate in each new relationship. If historical attachments tend to dictate the terms of perceptual construction, it may be unrealistic and unhealthy but it will not be unfamiliar. In the analytic setting, we study this process by way of our attempts to become more aware of the transference and countertransference patterns, looking at how an ego function (in Bird's parlance) becomes truncated, squeezing the self and the other into a restrictive and nearly redundant process.
G. Discussion and Conclusion
Here as elsewhere, becoming conscious counts for little. The theatrical and dramatic operation by which healing takes place-or does not take placehas a name: transference…. In transference, however, repetition does not so much serve to identify events, persons, and passions as to authenticate the roles and select the masks" (Deleuze, 1994, p.19) . While there is some dispute as to the evolutionary time and in what species a proto-limbic system first appeared, we know that it was roughly 500 million years ago. Prior to this time, we think that creatures displaying tropisms were not capable of goal setting-a form of proactively predicting the future, not merely reacting to gradients. To look to the future is to have expectancies, and expectancies are based upon hypotheses. A hypothesis is an orientation towards the future based upon and emergent from the store of accumulated experience. The limbic system began to allow for this type of orientation, utilizing the sensory organization of each modality.
We have labeled this cycle the action-perception cycle and this process intentionality.
In our model of perception (which we presented through the olfactory system of rabbits) unimodal percepts are formed based upon a creature's memory and the meanings of specific memories. With the advent of the limbic system, memory and learning now include expectancy as well. All forms of perception are then drenched in expectancy. Piaget has talked about this in terms of the balance of accommodation and assimilation a creature brings to each experience. Broadening to humans, we see that transference, as a prelude to people perception, invokes aspects of memory, learning, and expectancy.
Rabbit brains are different from their human counterparts, and one cannot loosely generalize. While there are many important differences, let us first focus upon an important similarity: Their brains perceive in the same fashion. Our data suggest that no mammalian brain processes information beyond the first synaptic layer in the forebrain, as we have illustrated in this paper through the example of olfaction.
Mammalian brains create meaning in the form of hypotheses. They seek information relevant to their immediate and remote goals, use it to test and refine hypotheses about their bodies and the world, and then discard the information and act on the revised hypotheses. All sense modalities work this same way (Freeman, 2000 (Freeman, , 2003 . The sensory cortices are primed by a dynamic pre-afference from the limbic system, an updating and re-orientation for the next event. Brains broadcast their hypotheses and the results of their tests all over the forebrain. The broadcast messages overlap in the limbic system, where they are integrated into gestalts --multisensory percepts. This multisensory, integrated state of expectancy or intention is found in rabbits, humans, and all other mammals.
Another similarity is in the area of emotions. Emotions are important, for at least the reason that no appreciation of transference can do without emotion. We infer that rabbits have emotions, though many neuroscientists are dubious, because rabbits cannot, at least in a language we can decipher or agree upon, tell us what they feel. We presume that affect has subcortical beginnings and these structures are highly conserved across all animals (Panksepp, 1998 But the differences between rabbit and human mentation are profound, mostly due to the proliferation of a general-purpose cortical mantle with many specialized modules. Unlike rabbits, humans, possess a faculty for the creation of meaning through language. This capacity infinitely expands the possible ways in which experience may be interpreted. Our initial response to the affects of transference may be automatic, involuntary and unconscious, but unlike the rabbit, our language faculty affords us a nearly infinite capacity to create new meanings. Language provides us with nearly immeasurable degrees of freedom. Modell (2003) has maintained that emotional memory is categorized according to metaphoric similarities, and that metaphor is a primary commerce of the human mind. Distinct from rabbits, we are primed to unconsciously perceive metaphoric similarities in our emotional responses to other persons. Transference, according to our definition, is a necessity for people perception-a way of people-ing a room in a familiar manner-situating or orienting oneself so that new forms of experience can be assimilated. We reserve the term for humans because of the near limitless transformations and experiences afforded through language and metaphor.
The human infant's immaturity at birth and extensiveness of dependency on caregivers cannot be underestimated. Humans create ("find") themselves through others, and this cannot be more clearly seen than in human infancy: For an infant to become a self, he or she is dynamically constituted, to a profound extent, through others. A psychological "self" is shaped out from an immersion with others. Infant studies from Condon and Sandler (1974) , Bard (1998) , Stern (1999) , and others document the degree of this immersion (Fogel & Thelen, 1987; Trevarthen & Aitken, 2001. Tronick and Weinberg (1997) speak of a co-ordinated and emergent musicality between infant and mother. This profound immersion has three important consequences for our conceptualization of transference: a) Birds may imprint, rabbits may attach, dogs may bond, but at birth the degree of maturity and presumably self-definition/organization is far greater in each of these creatures than in humans. Moreover, birds cannot re-imprint; only mammals can do so, and only humans can change allegiance, convert, and be re-born. Conclusion: Just as we are situated through others in our infancy, so there remains throughout our lifetimes the tendency to find an extension and experience of our self through others.
This tendency, nay imperative, results from our infantile immaturity and "flexibility," and leads to the specific phenomenon we call transference in humans.
b) The analogy to creative music-making, applied to infant development and human relationships, is not merely a constituting of a self through a bounded other. In the infant-mother dyad, in a real jazz ensemble, and in the clinical encounter--real music is to be made through mutual influence (cf. Koblauch, 2000) (It was mis-spelled, I
changed it). In the consulting room, the patient is also influencing, shaping, and eliciting the therapist, and for this reason we join many other contemporary analysts in depicting the situation as a transference-countertransference matrix. Renik (1993) describes the transference situation in terms of an embroilment as opposed to an ensemble. The term 'embracement' might even be more applicable:
"It seems likely to me that if we could always closely examine the sequence of events by which an analyst becomes aware of his countertransference motivations, we would find that it invariably begins with his noting how he has put them, sometimes imperceptibly, into action…… At the same time, we regularly observe that successful analytic work unfolds via a process of continuous, mutually active embroilment between analyst and analysand, and continuous effort on the part of both to become aware of and clarify the nature of the embroilment." (pp. 137-8) c) One might think of an indeterminate zone of experience between self and other or, better, a healthy permeability at the edge of boundedness of self, whereby a playground of linguistic and metaphorical creations is allowed to take shape. Despite how much we are encapsulated by our own private meanings and experiences, a basis must remain for ongoing immersion, un-certainty, a tussle for a new symphony shaped by the previous melodies constituted by each of the participants. Otherwise we become rigid, parkinsonian or autistic, characterologically disturbed, encapsulated selves, insufficiently responsive to the worlds beyond us. It is important to appreciate that the transitory permeability to immersion and influence, which constitutes the beginnings of transference, is different from a more enduring form of change. The fantasies one has of strangers at a cocktail party or at a conference are less influential, in a longer-term sense, than the type of change that can result from an important mentoring relationship, from falling in love, or in the depth and compassion of the therapeutic encounter. It is helpful to think in terms of a continuum: from the general transference function at the one end, to a transference neurosis at the other (cf. Bird, 1972) .
Analysts are accustomed to thinking and hearing that everything is in the transference, or that transference is at the core of all psychic life. These rather general statements possess a certain appeal, and perhaps their appeal has to do with a resonance--the notion that we all construct what we perceive according to our own unique meanings and expectancies. But this general statement of constructivism has broad definitional applications far beyond transference. We must remember that in transference, we are not talking only about learning and memory and expectancy in general; to be transference, it must be part of a percept of another person.
Furthermore, it is a distinctively human phenomenon because of our frontal lobes, our language, and our affinity with metaphor. And finally, transference is distinctive in that it depends upon early patterns of emotional attachment with caregivers. In the initial interview, the patient begins to enact an unconscious recruitment of self and other based upon a chimera of historical and current experience, but the patient has yet to unlearn the restrictive meanings of the past. It is only through the deepening, repeatability, and analysis of the clinical encounter that these transferential impressions become transferential enactments, even transference neuroses. It is here that the greatest capability for enduring change occurs: Our private meanings as expectancies begin to become unlearned, and new "odorants" are capable of having an enduring impact.
Directions for further empirical elucidation of our proposal are possible, though complicated, as they are in any interdisciplinary enterprise, and particularly with such a global process as transference. At the level of neuroscience, support may need to come in different quarters, a bit at a time. In social psychology, work such as Andersen's (1998 Andersen's ( , 2002 should help to provide strong experimental support for the phenomenon of transference and its psychological and interpersonal characteristics.
One area for further research is to expand our understanding of the global integration that occurs in neurodynamics. This work is already underway with respect to the patterns of activity that underlie intentional behavior (Freeman, 2005) . The patterns incorporate large areas of cerebral cortex into cooperative domains known as wave packets, having carrier frequencies in the beta and gamma range and recurring at frame rates in the theta and alpha ranges.
Our view of transference, which involves a constant reworking of past neurodynamic organizations in the presence of new experiences, involves the characteristics of both creation and dissolution. We view the neuropeptides vasopressin and, especially, oxytocin (which birds do not have) as involved in the process of 'loosening' the fixity of previous organizations, preparatory to adoption of new modes of relating to others (Freeman, 1995) . Interestingly, oxytocin has been implicated in the neurobiology of attachment (Insel, 1992 , Kendrick et al., 1992 
